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Abstract 
 
Competitive Renewable Energy Zones in Texas: 
Suggestions for the Case of Turkey  
 
Bilal Ogunlu, M.A. 
The University of Texas at Austin, 2012 
 
Supervisor:  Ross Baldick 
 
As an energy-importing developing country, Turkey depends heavily on imported 
petroleum and natural gas. The increase in the global petroleum price has affected the 
Turkish economy adversely in the last decade. Renewable energy is an important 
alternative in reducing Turkey’s energy dependency. Turkey’s strategies are improving 
domestic production and diversifying energy sources for the security of supply. New 
investments, especially in renewables, have been chosen to achieve these objectives. As a 
model for Turkey, Texas is the leader in non-hydroelectric renewable energy production 
in the U.S. and has one of the world’s most competitive electricity markets. However, 
wind generation creates unique challenges for the Electric Reliability Council of Texas 
(ERCOT), the transmission system operator of Texas. The market environment has 
forced the Public Utility Commission of Texas (PUCT) to develop unique deregulated 
energy markets. In 2005, the Texas Legislature passed Senate Bill 20, in part to break the 
deadlock between transmission and wind generation development. This legislation 
instructed the PUCT to establish Competitive Renewable Energy Zones (CREZs) 
 vii 
throughout the State, and to designate new transmission projects to serve these zones. In 
this context, first of all, the electricity market development in Turkey is introduced in 
terms of renewable energy, especially wind power. Next, considering wind power, the 
progress in the Texas electricity market is investigated. Subsequently, we examine the 
development of CREZs in Texas from a regulatory perspective and discuss Texas’ policy 
initiatives, including the designation of CREZs. Finally, we review the impact of wind 
power on the primary electricity market of Texas and evaluate market conditions and 
barriers to renewable energy use in Turkey in order to extract suggestions. This 
experience may be particularly instructive to Turkey, which has a similar market 
structure on the supply and transmission sides. This study suggests ways that Turkey 
might handle renewable applications in combination with existing transmission 
constraints. 
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Chapter 1: Introduction  
Energy is vital for economic development; there is a strong relationship between 
energy consumption and living standards. The need for energy has increased 
tremendously in the 20
th
 century due to commercial and industrial developments. The 
rising awareness of limited fossil fuel resources and environmental concerns has forced 
the energy sector to seek new resources to meet the world’s energy demands. At this 
point, renewable energy may be an alternative for developing countries, because 
particularly in remote locations, transmission and distribution of energy generated from 
fossil fuels is difficult and expensive. Producing renewable energy locally offers a viable 
alternative. As a result, renewable energy sources, principally wind energy, have been 
welcomed as clean, environmentally friendly, and economical alternatives for electricity 
generation.  
Fossil fuels cause major environmental problems. It is generally accepted that the 
emission of greenhouse gases from fossil fuels causes global warming and declining air 
quality. Renewable energies generally do not cause pollution or greenhouse gas 
emissions. Renewable energy has become popular due to environmental concerns about 
global warming and the rise in the price of fossil fuels.  
The economics in the energy sector has played an important role in the last two 
decades. The most significant improvement in the sector is the reduction in the electricity 
generation cost from renewable sources because of a decline in the cost of the 
technologies for renewable energy, improved efficiency, and reliability. Thus, cost has 
been a main activator for the prevalent approval of renewable energy.  
Another important factor promoting the development of renewable energy is that 
developing countries want to reduce their dependence on foreign fossil fuels to decrease 
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the wealth outflow and support the domestic economy. In addition, the depletion of fossil 
fuels may cause an economic collapse if the current dependence on these sources 
continues. On the other hand, renewable energy sources are abundant and inexhaustible. 
Turkey is one of the countries dealing with reducing its dependence on imported 
energy. It is situated at the meeting point of the Asian, European and African continents 
and stands as a bridge between Asia and Europe. As an energy-importing developing 
country with limited domestic resources of crude oil, natural gas and coal, Turkey 
depends heavily on imported petroleum and natural gas.   
However, Turkey is considered rich in terms of renewable resources because it 
has very high wind and solar energy potential. It is one of the most favorable countries in 
terms of wind and solar energy potential in Europe. Because energy is an important factor 
in the development of a country, rising petroleum prices have affected the Turkish 
economy adversely in recent years. Therefore, renewable energy is an option to meet 
Turkey’s future electricity demands.  
The Turkish government’s strategy aims to increase the portion of renewable 
resources for electricity generation to 30% by 2023. As will be discussed in Chapter 2, 
this portion will be mostly composed of wind energy. The specific target for the installed 
wind energy capacity is 20,000 MW. Several incentives have been put into force to 
achieve this objective. As a result, the Energy Market Regulatory Authority of Turkey 
received 750 wind farm license applications on November 1st, 2007, totaling 78,000 
MW, which is not feasible because the Turkish installed capacity was only 49,524 MW 
even in 2010 (TEIAS, 2010). 
Several types of technology, appropriate for different locations and applications, 
are introduced in terms of their importance and potential for Turkey:  
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1. Biomass Energy  
Biomass is the term used for all organic material originating from plants, trees and 
crops and is essentially the collection and storage of the sun’s energy through 
photosynthesis (Zobaa et al., 2011). Biomass, which is abundant and has remarkable 
potential in Turkey, has an annual potential of approximately 32 Million tons of oil 
equivalent (Mtoe) in Turkey (Yarbay et al., 2011).  
2. Hydropower  
Hydropower is obtained by converting gravitational potential energy of water into 
mechanical shaft power, which can be used to drive an electricity generator or other 
machinery by hydro-turbines. The gross and technical hydropower potential of Turkey, 
which has the highest hydropower potential in Europe, are estimated at 433 and 216 
TWh/year, respectively (Yarbay et al., 2011). Although legislation in some countries 
does not accept hydropower as a renewable resource, we designated this technology to 
the renewable category because of its recycling nature and energy production scheme. 
3. Geothermal Energy  
Geothermal energy can be easily converted into electrical power and is generally 
considered renewable because reservoirs may be recharged by rain or by re-injection of 
the wastewater (Yarbay et al., 2011). Turkey’s total capacity is 0.25%, which is among 
the richest countries in geothermal potential (Kose, 2007). Although geothermal energy is 
categorized in international energy tables as one of the new renewables, it is not a new 
energy source (Tiwari et al., 2005). 
4. Solar Energy  
Solar power is one of the most promising and predictable renewable sources and 
is less vulnerable to changes in seasonal weather. Although Turkey is rich in solar 
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potential due to its location, solar energy is not widely used, except for flat-plate solar 
thermal collectors for domestic hot water production mostly in its sunny coastal regions 
(Yarbay et al., 2011). 
5. Wind Energy  
Wind energy, which is formed naturally in the atmosphere as the indirect 
conversion of solar energy, represents a solution for environmental pollution but is not 
consistent for long periods. Turkey has one of the best wind maps among European 
countries, after the United Kingdom. It is estimated that Turkey’s technical wind energy 
potential is 88,000 MW, and its economic potential is approximately 10,000 MW 
depending on the current technical conditions (Yarbay et al., 2011). 
Turkey’s basic strategies are to improve domestic production and diversify energy 
sources to ensure the security of supply. New investments, especially in renewables, were 
initiated to achieve these energy policies. 
However, there are many challenges: First, the regulatory framework distorts the 
renewable energy market and poses a barrier to entry. Second, connecting intermittent 
renewables with an existing overly used electricity grid is problematic, as the utility 
cannot accurately forecast when to expect electricity from the renewable source. Third, 
connecting this capacity to the grid requires an additional transmission investment. 
As a model for Turkey, Texas is the leader in non-hydroelectric renewable energy 
production in the U.S. and has one of the world’s most competitive electricity markets.  
As will be discussed in Chapter 3, the potential for wind generation is enormous: over 
100,000 MW of potential wind capacity in the State of Texas with greater than 35% 
capacity factor, which indicates the utilization of capacity supplied within a period of 
time. The U.S. Energy Information Administration (EIA) expects that the 46% increase 
in electricity generation across the country from 2010 to 2030 will be powered by non-
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hydro renewables. Almost 90% of this portion will be composed of wind and solar 
energy (MIT, 2011). 
However, wind generation creates unique challenges for the Electric Reliability 
Council of Texas (ERCOT). There are no synchronous connections between ERCOT and 
the other, larger North American electricity interconnections. In addition, new generation 
decisions are based on market conditions and investor decisions, rather than on 
centralized planning (ERCOT, 2006). 
This market environment has forced the Public Utility Commission of Texas 
(PUCT) to develop unique deregulated energy markets. In 2005, the Texas Legislature 
passed Senate Bill 20 (S.B. 20), in part to break the deadlock between transmission and 
wind generation development. This legislation instructed the PUCT to establish 
Competitive Renewable Energy Zones (CREZs) throughout the State, and to designate 
new transmission projects to serve these zones (ERCOT, 2006). 
The CREZ projects are the PUCT’s response to a public mandate to increase the 
generation of renewable energy in Texas to serve the electric needs of the state. As will 
be discussed in Chapter 4, the projects are primarily designed to move electricity 
generated by renewable sources from the remote parts of Texas to the more heavily 
populated areas. Ultimately, the CREZs’ efforts are expected to increase the effective 
level of wind generation capacity to around 18,500 MW (PUCT, 2010).  
In this context, we examine the development of CREZs in Texas from a 
regulatory perspective to extract suggestions for Turkey. This experience of Texas may 
be particularly instructive to Turkey, which has a similar market structure on the supply 
and transmission sides. This study suggests ways that Turkey might handle renewable 
applications in combination with existing transmission constraints. The remainder of this 
dissertation is organized as follows.  
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Chapter 2 introduces the Turkish electricity market structure in which renewable 
energy investors seek proper circumstances. It investigates the current incentives offered 
by the regulatory authority of Turkey. The current situation in the Turkish electricity 
market is explained in terms of wind energy. 
Chapter 3 introduces the electricity market of the U.S., specifically that of Texas, 
which can be considered a suitable environment or playground for renewable 
investments. Incentives to draw investments to the renewable energy market are 
presented. Finally, Texas Electricity Market is investigated in terms of wind energy. 
Chapter 4 describes and defines CREZ projects. It discusses Texas policy 
initiatives, including the designation of CREZs. It reviews the impacts of renewables, 
especially wind power, on the state’s primary electricity market. The development of 
CREZ is explained. Together with electricity generation cost, the social costs supporting 
wind power are examined in three major categories, such as transmission investment cost, 
economic incentives cost and wind integration cost. At the end of this chapter, some 
limitations affecting CREZ projects will be given. 
Chapter 5 analyses renewable investment strategies used in the CREZ approach 
considering benefits and challenges in terms of wind power. Besides, suggestions for 
Turkey’s handling of wind power applications in combination with existing transmission 
constraints are presented. Moreover, it develops a Turkish approach to construct new 
transmission capacity based on the lessons learned from CREZ.  
Chapter 6 summarizes the recommendations and gives a conclusion. 
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Chapter 2: Turkey’s Renewable Energy Market 
2.1 MARKET DEVELOPMENT 
The history of the Turkish electricity market began with the establishment of the 
Turkish Electricity Authority (TEK) in 1970. Until 1984, the market was controlled by a 
state-owned monopoly. The liberalization of the market started in 1984 with Law No. 
3096, the Transfer of Operating Rights Law. This law allowed the participation of the 
private sector. This law was followed in 1994 by Law No. 3996, the Build-Operate-
Transfer Law, and in 1997 by Law No. 4283, the Build-Own-Operate Law.  
In 1993, the Council of Ministers decided to separate TEK into two state-owned 
companies: Turkish Electricity Generation & Transmission Company (TEAS) and 
Turkish Electricity Distribution Company (TEDAS). Law No. 4628, the Electricity 
Market Law, was passed in 2001, liberalizing the electricity market in addition to 
separating TEAS into three state-owned companies: Turkish Electricity Transmission 
Company (TEIAS), Turkish Electricity Trading & Contracting Company (TETAS), and 
Electricity Generation Company (EUAS). This milestone signaled the beginning of a new 
era for the Turkish electricity market (Navitas, 2009). This development in the electricity 
market is represented in Figure 1. The current market structure is given in Figure 2. 
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Figure 1: Unbundling process in Turkey from 1970 till now (Source: EMRA) 
 
Figure 2: Current structure of the Turkish Electricity Market (Source: EMRA) 
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According to the scenario following the Electricity Market Law in Figure 2, 
enterprises have to obtain a license from the Energy Market Regulatory Authority 
(EMRA) in order to operate in the electricity sector. The types of licenses granted by 
EMRA are the following (EMLT, 2001): 
 Generation license 
 Autoproducer license and Autoproducer-group license 
 Transmission license 
 Distribution license 
 Wholesale license 
 Retail sale license 
Autoproducer and Autoproducer-group licensees may engage in the establishment 
and operation of generation facilities in order to meet their own or their partners’ needs, 
respectively. They can sell the excess amount of generated electricity or capacity to other 
licensees and eligible consumers. 
On the generation side, the entities below can operate generation facilities, and 
sell capacity or energy (EMLT, 2001): 
 State-owned generation company (EUAS) 
 Other state-owned generation companies formed by restructuring of  EUAS 
 Private sector generation companies 
 Autoproducers 
On the transmission side, the responsibilities of the state-owned transmission 
company, Turkish Electricity Transmission Co. (TEIAS), can be listed as follows 
(EMLT, 2001): 
 Transmission network planning construction and operation 
 Power system control and operation 
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 Market balancing and settlement 
 Preparation of the transmission, connection and use of system tariffs and grid 
code 
 International interconnection activities 
 Preparation of generation capacity projection 
On the other hand, this company is not allowed by Law No. 4628 to engage in any 
activity other than transmission. 
 
2.2 OVERVIEW OF RENEWABLE ENERGY 
Renewable energy can be described as energy derived from natural resources, 
such as sunlight, geothermal heat, wind, rain, tides, and organic waste. These resources 
naturally regenerate. Renewable energy sources have a wide range of use in industry as 
given in Table 1. Due to the increase in fossil fuel prices and potential decrease in natural 
resources, numerous research studies have been carried out in Turkey (Kirtay, 2009).  
 
Table 1: Renewable energy sources and their usage forms in Turkey (Kilic, 2011) 
Source Usage 
hydropower electric generation 
wind energy electric generation, wind generation, wind mills 
solar energy solar home systems, solar driers, solar cookers, 
photovoltaic cells 
geothermal energy urban heating, electric generation 
modern biomass electric generation, biogasoline, chemicals, urban 
heating  
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2.3 LEGISLATION AND INCENTIVES 
Law No. 5346, the Utilization of Renewable Energy Resources for the Purpose of 
Generating Electrical Energy Law, is the core legislation on renewable energy resources. 
This law, enacted on May 18, 2005, aims to expand the use of renewable sources for 
generating electricity by establishing the necessary legal and regulatory framework. At 
the same time, the law ensures some increase in the use of renewables without disturbing 
competitive market conditions. This law authorized EMRA to take the necessary 
measures to promote the use of renewable energy resources. A number of renewable 
energy sources mentioned in the law include solar, wind, geothermal, biomass, and wave 
and tidal, and stream and river. Hydropower with reservoirs of less than 15 sq. kilometers 
is also included in this category. 
Energy Efficiency Law No. 5627, enacted on May 2, 2007, aims to increase the 
efficiency in the use of energy resources to reduce energy costs and protect the 
environment. The Energy Efficiency Law also amended Law No. 5346, the Utilization of 
Renewable Energy Sources for the Purpose of Generating Electrical Energy Law. The 
Electricity Market Law was also modified by the Energy Efficiency Law so that certain 
categories of power plants do not have to obtain licenses even to establish companies. 
This exemption applies to renewable energy plants with installed capacity of maximum 
500kW, cogeneration plants with at least 80% overall efficiency, and micro-cogeneration 
plants with maximum 50 kW installed capacity. 
Law No. 5686, called Geothermal Resources and Natural Mineral Waters Law, 
was enacted on June 3, 2007. This law sets the rules and principles concerning 
exploration, production, and protection of geothermal and natural mineral water 
resources. 
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At the end of 2010, the Turkish Grand National Assembly (TBMM in Turkish) 
passed a new renewable energy bill defining regulations and feed-in tariffs in the sector. 
This Law No. 6094, the Generation of Energy from Renewable Resources Law, was 
passed on December 29, 2010 and announced in the Turkish Official Journal, Issue No. 
27809, January 8, 2011. It aims to encourage energy production from renewable 
resources by providing incentives. These incentives comprise energy generation from 
sources, such as wind, solar power, biomass, hydropower, and geothermal. Under this 
law, producers of renewable energy who begin operations between May 18 and 
December 31, 2015 will be guaranteed power purchase prices for a period of ten years 
(Kilic, 2011). 
The legislative framework set by Law No. 6094 adjusts the prices for the sale of 
electricity to the state according to the generation method. Wind and hydroelectric power 
will be bought at USD cent 7.3 per kilowatt-hour (kWh), geothermal energy at USD cent 
10.5 per kWh, and biomass including landfill gas and solar energy at USD cent 13.3 per 
kWh. However, the law limits the solar power capacity eligible for support to 600 MW 
until December 31, 2013 and entitles the Council of Ministers to determine the capacity 
from that time on (Kilic, 2011). 
According to Law No. 6094, the Council of Ministers is also authorized to 
determine new purchase prices, which should not exceed current purchased prices, for 
facilities established after December 31, 2015. Renewable energy producers that received 
their operation license before this date are entitled to additional subsidies ranging from 
USD cent 4.0 to 3.5 per kWh for a period of five years if they use locally-produced 
equipment and technology in their plants. License procedures will be handled by EMRA 
in cooperation with the Energy Ministry, Interior Ministry and the State Waterworks 
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Authority, (DSI) in Turkish. These Renewable Law incentives are summarized in Table 2 
(OGRT, 2010). 
 
 
Law No. 6094 also provides additional support lasting for ten years from the date 
of its operation to companies with facilitates that use locally produced equipment and 
components to encourage domestic production. The prices of renewable energy 
production and the corresponding type of facility entitled to receive those additional 
incentives, Local Content Addition, are given in Table 3 (OGRT, 2010). The reason 
behind why Turkey has such detailed incentives for the domestic production could be that 
Turkey may want to promote all those technologies by explicitly putting their names in 
this incentive table. 
 
Table 2: Renewable energy incentives in Turkey by Law No. 6094 (Kilic, 2011) 
Plant type for the generation of energy 
from renewable resources 
Prices that will be applied 
(USD cent/kWh) 
hydroelectric power plant 7.3 
wind power plant 7.3 
geothermal energy plant 10.5 
biomass supplier including landfill gas 13.3 
solar energy plant 13.3  
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Table 3: Additional support amounts for companies with domestic production in 
Turkey (Kilic, 2011) 
Plant type Locally produced equipment and components Domestic 
contribution 
supplement  
(USD cent/kWh) 
hydropower 
plant 
1. Turbine 
2. Generator and power electronics 
1.3 
1.0 
wind power 
plant 
1. Propeller 
2. Generator and power electronics 
3. Turbine tower 
4. Rotor and all mechanical components 
0.8 
1.0 
0.6 
1.3 
photovoltaic 
solar facilities 
1. Integration of PV panels and manufacture of 
structural mechanics for solar PV panels 
2. PV modules 
3. Cells that make up PV modules 
4. Inverter 
5. Beam materials that focus solar energy on the 
solar PV module 
0.8 
 
1.3 
3.5 
0.6 
0.5 
concentrated 
solar facilities 
1. Radiation pick-up tube 
2. Reflective surface plate 
3. Solar tracking system 
4. Mechanical parts of the thermal energy storage 
system  
5. Mechanical parts of the steam production 
system for collecting the solar beam on the 
tower 
6. Stirling engine 
7. Panel integration and structural mechanics of 
the solar panel 
2.4 
0.6 
0.6 
1.3 
 
2.4 
 
 
1.3 
0.6 
 
biomass energy 
facilities 
1. Fluidized-bed steam boiler 
2. Liquid or gas-fired steam boiler 
3. Gasification and gas cleaning group 
4. Steam or gas turbine 
5. Internal combustion engine, or stirling engine 
6. Generator and power electronics 
7. Cogeneration system 
0.8 
0.4 
0.6 
2.0 
0.9 
0.5 
0.4 
geothermal 
energy 
facilities 
1. Steam or gas turbine 
2. Generator and power electronics 
3. Steam injector or vacuum compressor 
1.3 
0.7 
0.7 
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The Electricity Market Licensing Regulation of the Electricity Market, Law No. 
4628, contains two regulations concerning the promotion of the use of renewable energy. 
First, the legal entities applying for licenses to construct renewable energy facilities are 
required to pay only 1% of the total license fee to EMRA. Second, renewable-based 
generation facilities are exempted from the annual license fees for the first eight years 
following the facility completion date as specified in their licenses. TEIAS or distribution 
companies are required to give priority status to the applications requesting some 
connections between renewable-based generating facilities and the transmission system 
(EMLT, 2001). 
Regulations on renewable energy resources are listed below (IEA, 2011): 
 Regulation on the Control of Vegetable Waste Oil (April 9, 2005, Law No. 
25791) 
 Regulation on the Utilization of Renewable Energy Resources for the Purpose of 
Generating Electrical Energy (May 10, 2005, Law No. 5346) 
 Energy Efficiency Law (May 2, 2007, Law No. 5627) 
 Law on Geothermal Energy Sources and Natural Mineral Water (June 3, 2007, 
Law No. 5686) 
 Nuclear Energy Law (November 9, 2007, Law No. 5710) 
 Regulation on the Utilization of Geothermal Energy Sources for the Purpose of 
Electricity Generation (October 14, 2008, Law No. 27024) 
 Regulation on the Technical Evaluation of Wind Based Energy License 
Applications (November 8, 2008, Law No. 27048) 
 Generation of Energy from Renewable Resources Law (December 29, 2010, Law 
No. 6094) 
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2.4 CURRENT MARKET SITUATION AND POTENTIAL 
Turkey’s geopolitical situation is important in terms of energy and can be defined 
as a bridge for energy between Europe, Asia and the Middle East. In the last decade, 
Turkey has improved its economy significantly, so the need for energy causes more 
electricity consumption, which means more imports (Kilic, 2011). A steady increase in 
the consumption can be seen from 2002 until the global recession in 2008 (Figure 3). The 
reason behind this increase is the high positive economic growth rate within the last 
decade. Although Turkey was affected by the global recession, it recovered from the 
crisis in 2009 and demand for electricity increased over the last two years as indicated in 
Table 4. Annual consumption of electricity reached 209 TWh in 2010. The domestic 
electricity production provides 37% of total energy consumption, and the cost of total 
energy has elevated to 55 billion US Dollars in 2010 (Kilic, 2011).  
 
 
 
Figure 3: Growth in energy consumption in Turkey (Source: EMRA) 
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The renewables share of electricity generation in Turkey by the end of 2009 is 
shown in Figure 4. The largest share of energy resources is natural gas with 48.52%, 
followed by lignite and hydro plants, 20.01% and 18.50%, respectively. Even if wind 
power generation has been growing very fast in the last few years, it constitutes not more 
than 1% of total production. The overall installed electricity generation capacity of 
Turkey was 49,524 MW in 2010 (TEIAS, 2010).  
  
Table 4: Increase in electricity demand in Turkey (2009-2010) (TEIAS, 2010) 
 2009 2010 
Installed Capacity (MW) 44,761 49,524 
Yearly Consumption (TWh) 193 209 
Peak Load (MW) 29,870 33,392 
2010 MW % 
Thermal 32,279 65 
Hydro+Renewable 15,831+1,414 32+3 
 
 
Figure 4: Share of electricity generation (MWh) in Turkey – 2009 (Source: TEIAS) 
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Turkey can be seen as a rich country in terms of variety of renewable resources. 
However, some of the renewable resources are not feasible concerning today’s technical 
and economic development. For this reason, Turkey cannot efficiently use some of its 
renewable resources to produce electricity and is required to focus on other renewable 
resources, such as wind energy. Renewable energy resources and their capacities in 
Turkey are given in Table 5 (OGRT, 2010). 
 
The results of the studies on wind energy potential in various regions of Turkey 
indicate that the coastal regions of Turkey, especially northwestern locations, have an 
annual mean wind velocity greater than 3 m/s at a height of 10 m., although the city 
centers with high electricity consumption, such as Ankara, Istanbul, Izmir, Bursa, and 
Gaziantep are located far from the wind resources (Figure 5) (Ilkılıc et al., 2011). These 
findings show that wind energy requires comprehensive management in terms of 
transmission investments to transfer this energy from the coastal regions to the centers of 
consumption.  
Table 5: Renewable energy potential in Turkey (Kilic, 2011) 
Energy type Usage purpose 
 
Natural 
capacity 
Technical 
 
Economical 
 
Solar energy Electric (billion kWh) 
Thermal (Mtoe) 
977,000 
80,000 
6,105 
500 
305 
25 
Hydropower Electric (billion kWh) 430 215 124.5 
Wind direct energy-land 
Direct energy-off shore 
Wave energy 
Electric (billion kWh) 
Electric (billion kWh) 
Electric (billion kWh) 
400 
- 
150 
110 
180 
18 
50 
- 
- 
Geothermal energy Electric (10
9
 kWh) 
Thermal (Mtoe) 
- 
31,500 
- 
7,500 
1.4 
2,843 
Biomass energy Total (Mtoe) 120 50 32 
     
Mtoe: Million tons of oil equivalent 
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2.5 PROJECTIONS 
The population growth of Turkey in the last decade is more than 15%: 
approximately 67 million in 2000 and around 78 million in 2010. The data in Table 6 
show that if this increasing rate stays the same then at the end of the next decade, 2020, 
the population of Turkey would be around 87 million. Consequently, Turkey might need 
more installed power capacity to supply its growing demand. 
Similar to other developing countries, the electricity demand in Turkey is 
increasing rapidly because of its economic development and population growth. Table 6 
shows the population, economy and energy relations in Turkey from 1973 to 2020 
(Koyun, 2007). The key point in this table is the almost twofold increase in energy 
demand in the last decade. This rate of increase is expected to continue for the next 
decade. Consequently, electricity demand would quadruple by 2020. 
 
Figure 5: Locations with a wind speed above 3m/s in Turkey (Ilkılıc et al., 2011) 
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As summarized in Table 7, the government estimates the supply of renewable 
energy to increase from around 12 Mtoe by 2010 to approximately 20 Mtoe by 2020 as a 
result of the strong economic growth and population increase in the last decade (IEA, 
2005). While the cumulative supply of renewable energy is increasing, its percentage in 
total is expected to decrease over the next decade, because of the estimated increase in 
the cumulative non-renewable supply. Consequently, if the technology level remains the 
same, renewable energy potential will not be adequate for Turkey’s future energy 
requirements (Kilic, 2011). 
The Turkish government’s strategy aims to increase the portion of renewable 
resources for electricity generation to 30 % by 2023. This portion will be mostly 
Table 6: Population, economy and energy in Turkey (1973-2020) (Kilic, 2011) 
Year Population 
(x1000) 
GNP/Capita Total GNP Total Energy 
Demand 
(Mtoe) 
Energy/ 
Capita (Kep) 
1973 38,072 1994 75,915,568 24.6 646 
1990 56,098 2674 150,006,052 53.7 957 
1995 62,171 2861 177,871,231 64.6 1039 
2000 67,618 3303 223,342,254 82.6 1218 
2010 78,459 5366 421,010,994 153.9 1962 
2020 87,759 9261 812,736,099 282.2 3216 
GNP: Gross National Product, Mtoe: Million tons of oil equivalent, Kep: Kilogram equivalent petroleum 
Table 7: Renewable energy projections in Turkey (2003-2020) (Kilic, 2011) 
 2003 2005 2010 2015 2020 
Hydro (ktoe) 3038 4067 4903 7060 9419 
Geothermal, solar and wind (ktoe) 1215 1683 2896 4242 6397 
Biomass and waste (ktoe) 5748 5325 4416 4001 3925 
Total renewable energy production (ktoe) 10002 11074 12215 15303 19741 
Share of total domestic production (%) 42 48 33 29 30 
Share of total primary energy supply (%) 12 12 10 9 9 
ktoe: kilogram tons of oil equivalent 
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composed of wind energy. The specific target for the installed wind energy capacity is 
20,000 MW. Several incentives have been put into force to achieve this objective.  
As a result, the Energy Market Regulatory Authority of Turkey received 750 wind 
farm license applications on November 1st, 2007, totaling 78,000 MW, which is not 
feasible because the Turkish installed capacity was only 49,524 MW even in 2010 
(TEIAS, 2010). For this reason, Energy Ministry of Turkey required TEIAS to organize 
several tenders corresponding to each related transmission stations.  
In 2011, 13 tenders were held under the supervision of TEIAS. The total accepted 
bids accounted for 5,500 MW wind power (Table 8). However, this capacity, which is not 
enough concerning the government’s projection, was the acceptable amount for the 
current transmission capacity. Thus, Turkey needs to put an optimum management 
strategy for the transmission investments and the wind farm allocation if it is to reach the 
goal of renewable energy generation in the next decade. 
Table 8: The result of the wind farm tenders, held in Turkey in 2011 (Source: TEIAS) 
Transmission 
Station No. 
Total Offered Capacity for each 
Station (MW) 
Total Accepted Capacity for each 
Station (MW) 
1 687 626 
2 331 281 
3 500 500 
4 556 395 
5 520 520 
6 343 289 
7 630 427 
8 902 607 
9 74 74 
10 242 217 
11 1,449 1,199 
12 228 198 
13 175 166 
Total 6,664 5,500 
 
 22 
Chapter 3: Texas Renewable Energy Market 
3.1 MARKET STRUCTURE 
High temperatures in summer, indispensable health services and the high 
industrial production level make Texas a front-runner in the U.S. for its generation and 
consumption of electricity (EIA, 2011a). Even a momentary interruption of electricity 
can cause not only major inconveniences, but also significant harm to the economy of 
Texas (EIA, 2011b).
 
 
Figure 6: The grid regions in the U.S. and Texas (TCPA, 2008a) 
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In North America, eight independent corporations are in charge of electric 
reliability issues (Figure 6). Most local reliability corporations operate in several states, 
and some even extend to Canada and Mexico. The Electric Reliability Council of Texas 
(ERCOT) functions throughout most of Texas. The other corporations operating in Texas 
are SERC, SPP and WECC (Figure 6). In addition, three electric grids serve North 
America, and all cover a portion of Texas: the western grid, the eastern grid, and the 
ERCOT grid (Figure 6). Furthermore, the Public Utility Commission of Texas (PUCT) 
regulates almost all aspects of the ERCOT market and some aspects of the other regions 
in Texas, such as consumer protection (ERCOT, 2011a). 
In the ERCOT zone where retail companies compete, the electricity market is 
unbundled and operationally divided into three sectors: generation, network and retail. In 
this zone, wholesale companies own power plants and supply wholesale electricity to 
retail electric providers (REPs). The network segment companies own the power lines to 
provide transmission and distribution, and the retail sector includes REPs that retail 
electricity to end users (TCPA, 2008a). 
The wholesale electricity market has been partially deregulated in ERCOT for 
more than 15 years. The PUCT regulates ERCOT’s wholesale market to a limited extent, 
while the Federal Energy Regulatory Commission (FERC) manages wholesale markets in 
the other portions of Texas which do not belong to ERCOT. The retail electricity market 
has been partially deregulated in ERCOT for more than 10 years. Around 60% of 
residential customers in Texas obtain their electricity from this deregulated market 
(TCPA, 2008a). 
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3.2 TRANSMISSION AND DISTRIBUTION 
Transfer of electrical energy from where it is generated to where it is consumed 
necessitates conductors, relays, switches, breakers, transformers, and towers, as well as 
rights of way to the land over which the lines pass (ERCOT, 2004). In ERCOT, 
transmission and distribution service providers (TDSPs), which are required to provide 
open access to the grid, transfer electrical energy on transmission system to REPs 
(ERCOT, 2011d).  
 
ERCOT is responsible for (TCPA, 2008a) 
o managing the flow of electricity in its area for both regulated and deregulated 
markets 
o scheduling power across the grid for both regulated and deregulated markets 
o reliably operating the grid to ensure scheduled energy transfers 
o supervising transmission planning to meet existing and future electricity demands 
o administering electricity markets in its area for services needed to ensure 
reliability 
o maintaining a database to record the relationship between REPs and their 
customers, and 
o administering the state’s Renewable Energy Credit program. 
 
The cost of transmission and distribution is due to the capital cost of required 
equipment, and operating and maintenance expenses. The PUCT evaluates schemes for 
transmission line investments and transmission services charges to all REPs or utilities 
receiving power from the generators within the ERCOT power region. A “postage stamp” 
rate methodology is used to reflect transmission costs. The postage stamp rate is a shared 
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expense paid by all REPs to TDSPs for the cost of transmission services in the ERCOT 
power region. Any new transmission lines constructed or any increases in line 
maintenance in the ERCOT power region will end up with an increase in the postage 
stamp rate (TCPA, 2008a). 
The large sums spent on obtaining a right-of-way to the land over which 
transmission and distribution lines travel comprise investment costs. The ERCOT 2007 
data show that building one mile of 138 kV line costs around $1 million; constructing one 
mile of 345 kV lines costs around $1.5 million; and setting up one mile of 765 kV line 
costs around $2.6 million. Land acquisition accounts for 5 to 10% of that cost in rural 
areas and 10 to 20% of the cost in urban areas (TCPA, 2008a). A comprehensive study 
done by ERCOT on the prospective costs of extending the transmission system to parts of 
western Texas to transfer electrical energy from wind power projected the cost to be 
around $3-6 billion depending on the amount and capacity of transmission lines 
constructed (ERCOT, 2008c). This study will be investigated in the next chapter.
 
 
3.3 REGULATION AND DEREGULATION 
The PUCT was established by the 1975 Texas Legislature to regulate 
telecommunication and electric services in Texas. Texas was the last state to establish a 
utility commission. The PUCT contains three members each working for a fixed six-year 
term assigned by the governor (PUCT, 2011b). 
The PUCT is responsible for (PUCT, 2011a) 
o regulating rates and terms for distribution services and for intrastate transmission 
services 
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o supervising the ERCOT market, including monitoring the market and ERCOT’s 
system administration fees 
o adopting and enforcing rules relating to retail competition, customer protection, 
and  renewable energy policies 
o regulating retail rates for the non-ERCOT regions 
o licensing new transmission facilities, and 
o licensing REPs. 
Deregulation as applied to the retail sector of the market means that the legislature 
removed monopoly regulations from the privately-owned utilities in the ERCOT region 
in order to permit participants to enter a deregulated market called “competitive areas” or 
regions “open to electric choice” where the electricity facility is not delivered by a single 
utility (TCPA, 2008a).  
The U.S. Congress provided for limited competition in the generation industry 
with the Energy Policy Act of 1992, after the disintegration of AT&T in the 
telecommunication industry in the early 1980s. This disintegration resulted in the 
evolution of new communication service providers. In 1996, FERC obligated utilities 
under its regulation to satisfy open network rights of use that permit other utilities and 
individual generators to sell electricity to any wholesale buyer. FERC approved a code of 
conduct that necessitated a separation of transmission personnel from wholesale sales 
personnel of an integrated utility. Similarly, deregulation in Texas required vertically 
integrated privately-owned utilities to split into separate commercial units to generate, 
transfer and sell electrical energy (TCPA, 2008a). 
In 1999, the Texas Legislature enacted the Texas Electric Restructuring Act 
identified as Senate Bill 7 (S.B. 7). This legislation introduced competition into the Texas 
retail electricity market from January 1, 2002. S.B. 7 aimed to reduce prices and increase 
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options for consumer choice while providing an attractive business environment for new, 
privately-held providers of generation or retail services.
 
Texas Choice, the name of the 
program providing some alternatives for consumers in the competitive retail market, 
began in January 1, 2002 (TCPA, 2008a).  
S.B. 7 deregulated the retail market in regions served by privately-owned utilities, 
in other words, investor-owned utilities (IOUs). This law also permitted the PUCT to 
delay competition in areas where real competition could not be well-organized. 
Following this provision and other sections of the Public Utility Regulatory Act, 
competition was delayed in the non-ERCOT areas. Municipal-owned utilities (MOUs) 
and companies within the ERCOT region were not required to deregulate but could 
decide to do so (TCPA, 2008a).
 
After the separation was complete, the newly-formed REP in each area was then 
identified as “incumbent”, in other words, “affiliated” REP, and as a former monopoly it 
was subject to specific limitations on its behavior in the emerging market. Affiliated 
REPs (AREPs) would enter and operate in other REP regions, and these new companies 
that enter the market would form new competitive REPs (CREPs) to compete with the 
AREP belonging to that region (TCPA, 2008a). 
With the Texas Choice program, “price to beat” (PTB) concept was introduced. It 
was the price imposed by an AREP to be a target for CREPs to beat. In this way, CREPs 
would gain some of the customers belonging previously to an AREP. AREPs were not 
allowed until the earlier of January 1, 2005 or the date on which 40% or more of the 
residential and small commercial customers in service area were served by CREPs to 
change PTB without the approval of the PUCT. Price increases because of higher natural 
gas prices could be requested only twice a year. After January 2005, AREPs could offer 
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other rates but had to continue to make the PTB available for small customers until 
January 1, 2007 (Tierney, 2008). 
Finally, the PTB was removed completely on January 1, 2007, allowing the 
AREPs to set their prices without restrictions. At this point, the retail electric market was 
considered totally competitive in each area. Before this date, the customer-shift ratio from 
one provider to another had increased to 36% for residential and more than 38% for 
commercial and 72% for industrial customers (TCPA, 2008a). 
 
3.4 BILATERAL MARKET 
More than 95% of energy in the 
ERCOT area is delivered through 
bilateral contracts, between generators 
and load serving entities (LSEs), retail 
power suppliers, municipally-owned 
utilities, and associations. Electricity 
procured using these contracts is 
conveyed to ERCOT by Qualified 
Scheduling Entities (QSEs) that are 
certified by ERCOT (TCPA, 2008a). 
ERCOT-certified QSEs provide 
the schedules of all loads and generations 
that they represent in the ERCOT region 
(Figure 7). QSEs may represent 
generators, suppliers who buy and sell 
energy in the bilateral market, and LSEs. 
Figure 7: Wholesale market operations in 
ERCOT (TCPA, 2008a) 
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The QSEs are required to notify ERCOT about their bilateral agreements for every 15 
minutes in the day; consequently, ERCOT is able to make sure that supply and demand 
are effectively matched (TCPA, 2008a).  
 
3.5 GOVERNMENT POLICIES ON RENEWABLE ENERGY 
National government programs around the world encourage the development of 
renewable energy sources. Individual states in the U.S. and several other countries have 
set targets for renewable energy use, and provided production incentives that have driven 
investment in the renewables industry (GAO, 2006).  
According to the data from the U.S. Census Bureau, the last decade population 
growth of Texas is more than 20%. It was approximately 20 million in 2000. However, in 
2010 it was around 25 million. These data show that if this increasing rate continues then 
by 2025 the Texas population might be 30 million. Thus, Texas might need more power 
capacity to supply its expected demand growth year by year (Figure 8). 
Figure 8: Population and electric consumption growth in Texas for the future (TCPA, 
2008b) 
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The U.S. Energy Information Administration (EIA) expects that the 46% increase 
of the electricity generation across the country from 2010 to 2030 will be powered by 
non-hydro renewables. Almost 90% of this portion will be composed of wind and solar 
energy (MIT, 2011).  
State governments in the U.S. have been important supporters of renewable 
energy development. State policies used to promote renewable energy sources include 
renewable portfolio standards (RPSs), renewable energy credits (RECs), interconnection 
and net metering rules, and financial incentives including exemptions from state taxes. 
Texas is aggressive in applying some of these measures. Therefore, as one of the world’s 
most competitive electricity markets, Texas became the leader in non-hydroelectric 
renewable energy production in the U.S., in the very short run. The State’s potential for 
wind generation is enormous: over 100,000 MW of potential wind capacity in the State of 
Texas with greater than 35% capacity factor, which indicates the utilization of capacity 
supplied within a period of time (TCPA, 2008a). 
The Texas Legislature has also accepted the need for new transmission 
investment in areas of the state selected for renewable resources and has authorized the 
PUCT to define Competitive Renewable Energy Zones (CREZs), areas to be connected 
to the electrical grid through the construction of additional transmission lines. The CREZ 
areas include only wind energy projects so far, although all renewable energy sources are 
authorized (TCPA, 2008a). 
At the end of 2011, in the U.S., installed wind power capacity was moving above 
40,000 MW. At the same time, it was moving above 10,000 MW in Texas whose total 
installed generation capacity is around 84,000 MW in the ERCOT region (ERCOT, 
2011c). This extraordinary growth in installed wind power capacity somewhat derives 
from state and federal policies supporting renewable energy. 
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3.6 CHALLENGES OF WIND POWER GENERATION 
Wind power is an important share of Texas’ total power generation and its 
capacity is rising fast. Great wind speeds with advances in wind equipment, and 
government incentives have contributed to the development of wind power in the state. 
The new transmission investment organized by the PUCT for the parts of Texas with 
strong winds ensures that the state’s capacity for wind energy is likely to continue to rise 
in the near future (TCPA, 2008a). 
Wind turbines are generally placed on top of highlands because a five-time 
increase in the height of a wind turbine above ground can result in twice as much wind 
power. The stronger the wind, the more power is obtained. In general a doubling of wind 
speed increases potential generation eightfold. Whereas real wind features depend on 
location, the higher the wind turbine, the more wind power is produced. Utility-scale 
wind farms usually necessitate a wind speed of at least 13 miles/h on average annually 
(AWEA, 2002). Moreover, weather temperatures affect wind generation output; for 
instance, cold air, which is denser, gives an output about 5% higher than that of hot air 
(SECO, 2011a).
 
Current wind technology has improved capacity factor and reduced operation 
expenses by building taller wind turbine towers with extended blades. Wind turbine size 
as well as its output has improved gradually since the beginning of the 1980s (Figure 9) 
when the highest wind towers were about 56 feet high. Currently, some wind towers 
extend to altitudes of approximately 400 feet. Similarly, the output of wind generators 
has improved, from 50 kW in the early 1980s to 500 kW in the mid-1990s to more than 5 
MW in the late 2000s (NREL, 2012). Most wind turbines currently planned for 
installation in West Texas wind farms are 1 MW to 2.3 MW units. For comparison, a 1 
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MW-wind generator has an ability to provide electricity capacity for around 230 
residential customers in Texas (TCPA, 2008a). 
Capacity factor is a measure of the utilization of a power plant. It is necessary to 
measure this parameter because wind power is not stable, blowing intensively from time 
to time and not much, or not at all, at other times. For instance, wind generators generally 
run from 65% to 80% of the time, but throughout a certain period even while running 
they produce less than their full capacity. Thus, running at less than full capacity 
contributes to lower capacity factor. The capacity factor of wind farms installed in Texas 
from 2004 to 2005 was around 39%, compared to 32% for facilities deployed from 2000 
to 2001 and 19.6% for those before 1998 (DOE, 2007). On the other hand, wind farms in 
west Texas generating energy for Austin’s utility company, Austin Energy, have capacity 
factors from 35% to 40% (TCPA, 2008a).
 
Another parameter, the availability factor, measures the reliability of power plant 
equipment. This measure is expressed as a percentage of the year in which the power 
 
Figure 9: Evolution of U.S. commercial wind technology (TCPA, 2008a) 
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plant is available to produce electricity. Similar to other devices, wind turbines are out of 
service occasionally, either for maintenance or repair after unexpected break downs. 
Wind generator technology has been getting better in the last two decades, and today’s 
machineries can have an availability factor of more than 98%. Therefore, this factor can 
be neglected in wind energy calculations compared with the other technologies that have 
lower availability factors. For instance, the availability factors of other very reliable 
technologies, such as nuclear power facilities and coal-fired plants average 90% to 95% 
(ERCOT, 2007). 
The transmission of wind energy has some difficulties. As mentioned above, most 
wind farms are at a distance from city centers, requiring long transmission lines. Other 
than fossil fuels and biomass, which can be transferred by pipeline, road or rail roads, 
wind energy is generated in the field and can only be transferred to consumers by 
transmission lines. The access of transmission to wind-rich regions is not low-cost. One 
ERCOT feasibility assessment found that construction of transmission facilities to carry 
wind energy from West and Northwest parts of Texas to city centers cost around $1.5 
million per mile.
 
In fact, transmission limitations are the central handicap to the growth of 
wind power production. National investment in transmission facilities over the past two 
decades has difficulty catching up with the growth in electricity consumption (DOE, 
2007).
 
In some circumstances, as when transmission facilities are off for maintenance or 
when supply exceeds demand, some wind generators offer energy at no cost or even pay 
the system operator to take their energy sold by contract. On the other hand, wind power 
generators may profitably sell their energy even at negative prices because, as in this 
case, they will collect federal production tax credits (PTCs) and renewable energy credits 
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(RECs). Otherwise, they would lose more money if they interrupted generating energy 
(TCPA, 2008a).
 
 
3.7 WIND POWER POTENTIAL 
As mentioned above, Texas has a big potential in terms of wind capacity. This 
potential is concentrated in the northwest regions of the state, such as the Panhandle and 
the Trans-Pecos. The Panhandle has the state’s greatest amount of high class wind speed. 
The mountain passes and ridge tops of the Trans-Pecos show the top wind speeds in 
Texas. Also, in south of Galveston, there are steady and powerful sea breezes on the coast 
(Figure 10) (TCPA, 2008a). 
Most regions in Texas fall in class 3 in terms of wind potential. Class 3 is 
categorized by speeds of 14.3 to 15.7 miles per hour. Although it is mostly concentrated 
on the north part of Texas, the state’s wind power potential in class 4, which is 15.7 to 
16.8 miles per hour, is capable of 231 TWh generations from the wind power (Table 9). 
In 2007, the Texas Legislature engaged the State Energy Conservation Office (SECO) to 
recalculate the value of Texas renewable energy resources which had been formerly 
evaluated in 1995 (TCPA, 2008a). 
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Table 9: Potential electricity production from Texas wind power (SECO, 2011b) 
Texas Wind Power: Potential Electricity Production 
Wind 
Power 
Class 
Power 
(W/m
2
) 
Speed 
(mph) 
Commercial 
Viability 
Area (km
2
) Percent 
of State 
Land 
Potential 
Capacity 
(MW) 
Potential 
Production 
(Billion kWh) 
3 300-400 14.3-15.7 Marginal 143,400 21.13% 396,000 860 
4 400-500 15.7-16.8 Good 29,700 4.38% 101,600 231 
5 500-600 16.8-17.9 Very Good 5,000 0.74% 21,600 48 
6 600-800 17.9-19.7 Excellent 300 0.04% 1,600 4 
Total    178,400 26.29% 524,800 1,143 
 
 
Figure 10: Texas wind power potential (TCPA, 2008a) 
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Chapter 4: Competitive Renewable Energy Zones in Texas 
4.1 DEVELOPMENT OF CREZ LEGISLATION 
Senate Bill 7 (S.B. 7) established the renewable energy goal for Texas in 1999; 
however, it included no special requirements for a transmission system to interconnect 
renewable power generation. The rapid increase in wind power generation in Texas since 
2001, especially in the western and eastern part of the state, has revealed that the 
construction of wind farms can proceed more rapidly than that of transmission 
infrastructure. This timing difference causes “a chicken and egg” dilemma when 
designing the structure of renewable allocation; if a wind generation facility does not 
exist then the need for a new transmission line for this facility is difficult to recognize; 
nonetheless, if the availability of sufficient transmission is not certain then a wind farm is 
hard to finance (PUCT, 2006).  
To solve this conflict resulted from the timing difference mentioned above, Senate 
Bill 20 (S.B. 20), passed in 2005, established Texas Renewable Energy Program (RS&H, 
2011). S.B. 20 required the Public Utility Commission of Texas (PUCT) to designate 
Competitive Renewable Energy Zones (CREZs), regions of the state having the best wind 
characteristics, and mandated the transmission infrastructure necessary to provide that 
energy to the demand side (TCPA, 2008a).  
In addition, a new rule, PUC Rulemaking Related to Renewable Energy Goal 
Amendments, Project No. 31852, adopted by the PUCT in December 2006 clarifies the 
method of establishing CREZs in Texas. The rule obliges ERCOT to investigate the wind 
potential and formulate principles for allocating CREZs in the state. By making new 
transmission projects approved by the PUCT, the CREZ rule will reduce the risk of the 
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transmission provider in building transmission infrastructure to connect wind rich zones 
and reduce the risk of investors in building renewable generation (PUCT, 2006).  
 
4.2 WHAT IS CREZ? 
A CREZ is “a geographic area with optimal conditions for the economic 
development of wind power generation facilities” (RS&H, 2011). Having examined 25 
areas for wind power generation, the PUCT issued a final order in Docket No. 33672 in 
2008, the so-called the Interim Order, forming five CREZ Zones in Texas. These zones 
are designated as McCamey, Central, Central West, Panhandle A, and Panhandle B 
(Figure 11). In addition, the PUCT mandated that transmission projects be built to 
transmit wind power from the CREZs to the highly-populated areas of the state (RS&H, 
2011). The PUCT also required ERCOT to make plans to provide transmission capacity 
for incremental wind generation as is indicated in the four scenarios in Table 10 
(ERCOT, 2008a).  
 
 
Figure 11: CREZ project zones in Texas (TCPA, 2008a) 
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On April 2, 2008, ERCOT began the CREZ Transmission Optimization (CTO) 
Study, which produces transmission strategies for four scenarios of wind power 
allocation. Concerning this study, the PUCT requested preparation of transmission 
alternatives for the CREZ areas, and selected which transmission system operators would 
construct transmission facilities (TCPA, 2008a).  
 
4.3 CREZ METHODOLOGY 
The PUCT required ERCOT to develop transmission plans to deliver transmission 
capacity to wind generation facilities in Docket No. 33672. ERCOT System Planning 
Group decided to arrange open stakeholder meetings in order to share the requirements in 
the order and the current consequences, and to ask opinions and proposals from 
concerned players. At the beginning of the meetings, the ERCOT System Planning 
division formed a task force of the Regional Planning Group (RPG), titled the RPG-
CREZ Task Force, and launched an email list on the ERCOT website 
(http://www.ercot.com/). This email list contained 276 entities. Twelve meetings have 
been held within this program. Modeling assumptions, equipment costs, and modeling 
Table 10: Initial capacities for ERCOT CREZ Transmission Optimization Study 
(ERCOT, 2008a) 
 Scenario 1 
(MW) 
Scenario 2 
(MW) 
Scenario 3 
(MW)  
Scenario 4 
(MW)  
Panhandle A  1,422  3,191  4,960  6,660  
Panhandle B  1,067  2,393  3,270  0  
McCamey  829  1,859  2,890  3,190  
Central  1,358  3,047  4,735  5,615  
Central West  474  1,063  1,651  2,051  
CREZ Wind Capacity  5,150  11,553  17,956  17,516  
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results have been brought up, discussed and decided during these meetings. Each of these 
meetings was held with at least 50 entities (ERCOT, 2008a). 
ERCOT System Planning staff and stakeholders proposed a list of issues to solve 
at the initial RPG-CREZ Task Force meetings. The offered solutions were compiled into 
Document No. 984 as a response to the Interim Order on November 11, 2007 (ERCOT, 
2008a).  
One of the issues discussed in the meetings was the amount of wind-generation to 
be assumed in the base case. The Interim Order required ERCOT to satisfy transmission 
capacity for four scenarios of new wind generation given in Table 10. The base level of 
wind generation was defined for the existing CTO Study as 6,903 MW of wind 
generation capacity, comprising all of the wind generation facilities that had signed 
interconnection contracts at the beginning of this study; i.e., on September 11, 2007 
(ERCOT, 2008a). 
The existing wind capacity could be accommodated without significant 
transmission-related curtailment after several relatively inexpensive improvements were 
carried out (Baldick, 2010). Based on the current analyses performed by Horse Hollow 
Generation Tie LLC, the curtailment criteria defined in the CTO Study for Scenario 2 as 
less than or equal to 2% curtailment is realizable (Docket No. 38577, 2010). 
The resulting amount of wind in each case is the sum of the amount of base wind 
capacity together with assumed incremental CREZ wind capacity, shown in Table 11 
(ERCOT, 2008a). The completed CREZ transmission projects will eventually be able to 
transfer 18,456 MW of wind power across the state (RS&H, 2011).  
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ERCOT established a methodology to reduce the number of transmission 
alternatives to a convenient number. In this methodology, the first step was to identify a 
number of fundamentally different concepts upon which transmission plans could be 
developed. The next step was to develop an explicit transmission strategy for each 
scenario, based on each fundamentally different concept, so that the concept resulted in a 
plan that met the performance requirements for CREZ transmission. Once the concept 
preferred for each scenario was clear, the next step was to develop a plan based on that 
preferred concept. Finally, additional analysis was performed for scenarios 2, 3 and 4 to 
determine what elements of the preferred plan might be performed to support the level of 
transmission needed for the lower scenarios. For lower scenarios, such as 1, 2 and 3, 
further analyses were performed to determine what would be required to expand the 
preferred plans, if that became necessary in the future. Consequently, each of the plans 
developed was evaluated in terms of its efficiency in collecting wind energy from the five 
CREZ areas and moving that generation to load centers (ERCOT, 2008a). 
 
Table 11: Resultant capacities for ERCOT CREZ Transmission Optimization Study 
(ERCOT, 2008a) 
 Scenario 1 
(MW) 
Scenario 2 
(MW)  
Scenario 3 
(MW)  
Scenario 4 
(MW)  
CREZ Wind Capacity  5,150  11,553  17,956  17,516  
Base Case Wind  6,903  6,903  6,903  6,903  
Total Wind  12,053  18,456  24,859  24,419  
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4.4 CATEGORIES OF CREZ PROJECTS 
Three groups of CREZ projects were defined in the Interim Order: Default 
Projects, Priority Projects, and Subsequent Projects. Default Projects are related to 
repairing, rebuilding, or enhancing existing transmission infrastructure. They were given 
to the Transmission System Providers (TSPs) possessing that specific part of existing 
infrastructure. Some of the CREZ Default Projects have been completed and others are 
about to be completed. The CREZ Priority Projects are identified as necessary to improve 
current or projected transmission congestion issues. They were given to two utilities: 
Oncor Electric Delivery LLC and LCRA Transmission Services Corporation. The CREZ 
Subsequent Projects are composed of the remaining CREZ transmission projects that are 
not recognized as either Default or Priority Projects (RS&H, 2011). 
Before the realization of a project, a TSP must submit its application for a 
transmission project to the PUCT in order to receive a certificate of convenience and 
necessity (CCN), which allows the TSP to proceed with constructing the project. The 
PUCT may approve the CCN submission by choosing one of the routes, accept it 
partially, or reject the application as a whole. In CREZ projects, the evaluation of each 
CCN is to be done in 180 days. After the PUCT‘s approval of a route for a transmission 
project, the TSP may then proceed to acquire the necessary right of way (ROW) to 
complete the project (RS&H, 2011). 
The CCN requirements include some exceptions for the enhancement of existing 
infrastructure. Most of the CREZ Default Projects did not necessitate a CCN. On the 
other hand, all of the CREZ Priority and Subsequent Projects required CCN applications. 
All of the CCNs concerning the CREZ Priority Project have been accepted by the PUCT. 
These CCNs are scheduled for ROW acquisition and construction except for only one 
application (RS&H, 2011). 
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4.5 PROGRAM SCHEDULE 
The estimated schedule completion date for the last project in the CREZ Program 
was December 31, 2013, which complies with the PUCT’s specified deadline. However, 
the overall schedule of the CREZ projects might be affected by the following (RS&H, 
2011):  
 
1. CCN Process 
o Extensions to the CCN schedule 
o Denial of CCN applications  
o Requests for re-submittal of CCN  
o Extra requirements by the PUCT on the proposed project 
2. CREZ Reactive Power Study 
o One extension to the study 
o Additional follow-up studies  
3. Material Procurement 
o Requirement for equipment with long manufacture and delivery times for 
the reactive power projects  
o Requirement for equipment with long manufacture and delivery times for 
the substation projects  
 
4.6 COST OF WIND VIA CREZ IN TEXAS 
This section aims to determine the total social cost of CREZ in Texas including 
the external costs of wind power, which are borne by public. The external costs to 
support wind power are composed of three main costs: transmission investment cost, 
economic incentives cost, and wind integration cost, each of which will be investigated 
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individually. The generation cost is not included in the external costs because by 
definition, this cost, which is carried by the individuals, is the cost that the buyer of a 
good or service pays the seller. In the total cost comparison part, we will combine the 
external costs and the wind generation cost to derive the total social cost of wind energy 
via CREZ projects. This cost comparison compares the cost of wind energy transferred 
by CREZ projects with the current average cost of electricity in the ERCOT market.  
 
4.6.1 Transmission Investment Cost 
The major component of the external costs of wind power is the transmission 
investment cost. To assess the transmission investment cost, we will estimate the costs of 
additional transmission capacity to expand CREZ projects from its base level, 6,903 MW, 
to its planned level, 18,456 MW. This capacity increase corresponds to 11,553 MW.   
In determining the transmission investment cost, we refer to the ERCOT Study 
under the order of PUCT. ERCOT completed the CREZ Transmission Optimization 
(CTO) Study ordered by the PUCT in Docket 33672. This study offers transmission 
strategies for the four scenarios of wind generation designated by the PUCT. Excluding 
collection costs, the estimated costs of the optimum transmission proposal for each 
scenario were defined as follows (Attorneys for ERCOT, 2008): 
 
o For Scenario 1 - plan A, $2.95 billion 
o For Scenario 1 - plan B, $3.78 billion 
o For Scenario 2, $4.93 billion 
o For Scenario 3, $6.38 billion 
o For Scenario 4, $5.75 billion 
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The original CTO Study assessed the areas of Texas most suitable for the 
expansion of installed wind power generation. Moreover, it provided the necessary 
transmission infrastructure to transfer that generation capacity to the population centers 
of the state. The CTO Study provided initial cost estimations and selected the basic sites 
of substations and transmission paths from a design perspective. The study presented four 
different scenarios including several system arrangements and power capacities. 
Ultimately, Scenario 2 was chosen to be implemented at a cost of $4.93 billion dollars. 
This investment in transmission infrastructure will transfer 11,553 MW of additional 
wind generation from West Texas and the Texas Panhandle to the population centers of 
the state (RS&H, 2011).  
The CTO cost estimation was updated in January 2010 to comprise projects that 
were approved after the completion of the CTO Study. This update was done to ensure 
that accurate unit costs were applied to each project, and to apply updated route lengths 
as was decided by the TSPs assigned to those projects. The expected cost of the CREZ 
projects based on recent reported data, October 15, 2011, is roughly $6.87 billion 
($6,871,747,370) and is current through September 30, 2011 (Figure 12) (RS&H, 2011). 
This cost involves the expansion of the transmission capacity from 6,903 MW to 18,456 
MW by the end of 2013. 
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The renewable energy cost report prepared by ERCOT evaluates transmission 
costs and the theoretical savings if wind generation displaced other sources of energy. 
This is not a complete report of the costs involved in providing transmission service. The 
primary zones of study in the ERCOT report are as follows (PUCT, 2006): 
o the Gulf Coast south of Corpus Christi 
o Central Texas areas around Abilene and Sweetwater 
o the McCamey area, south of Odessa 
o the Texas Panhandle 
 
 
Figure 12: Total cost estimate for CREZ projects in US$ (RS&H, 2011)  
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Table 12 provides the estimated cost of transmission related factors and their 
corresponding utilization levels that ERCOT investigated for several capacities of wind 
generation in these areas (PUCT, 2006).  
The estimated cost of the CREZ transmission projects is $6.87 billion for the 
transmission lines. However, the collection cost of the system needs to be calculated as 
another component of the transmission investment cost. “Collection costs” is defined as 
the estimated cost of equipment to connect the generation facility to the transmission 
system. Included in the transmission investment cost, this collection cost is calculated 
based on the average length of transmission lines from the wind facilities to the collection 
substation, which is assumed to be 10 miles; average amount of wind generation on the 
collection circuit; and voltage level for lines connecting the wind farms to the collection 
Table 12: Transmission costs for wind-generation scenarios in Texas (PUCT, 2006) 
Area  Wind 
Capacity 
(MW) 
Transmission 
Cost (million $)  
Production 
Cost Savings 
(million $/yr)  
Generator 
Revenue 
Reductions 
(million $/yr)  
Wind 
Utilization 
Factor 
Coast 1000  15  129  221  38.3  
2000  75  262  437  37.1  
3000  320  383  713  37.0  
Central 2000  376  276  464  40.1  
3000  723  406  727  39.0  
3800  1019  495  963  39.3  
McCamey 1500  320  198  406  40.5  
3800  861  506  1069  41.0  
Panhandle 800  265  112  247  43.2  
1800  645  249  474  43.3  
2400  715  297  620  42.8  
4600  1515  587  1250  42.5  
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substation (ERCOT, 2008b). The collection cost, overnight capital cost, was calculated as 
$580 - $820 million and reported in 2008 dollars (2008$) by ERCOT. All of these 
transmission investment costs are estimates based on straight-line lengths, excluding 
right-of-way, financing, or project escalation costs (Woodfin, 2006). 
Thus, our formula for the calculation of total transmission investment cost is as 
follows: 
Transmission Investment Cost = ((Transmission Cost + Connection Cost) x Amortization 
Rate) / (Transmission Capacity x Wind Capacity Factor x Hour/Year) 
Where: 
Transmission Cost ≈ $6.87billion (in 2011$) 
Connection Cost = Average of $0.58billion and $0.82billion (in 2008$)  
≈ $0.70billion (in 2008$) ≈ $0.73billion (in 2011$) using CPI Table (BLS, 2012) 
Amortization Rate = 15% as minimum capital cost recovery factor (Baldick, 2010) 
Transmission Capacity = 11,553 MW (additional transmission investment for CREZ) 
Wind Capacity Factor = 40.3% (average of wind utilization factors in Table 11) 
Hour/Year = 8760 (number of hours in a year) 
Thus, transmission investment cost is $27.93/MWh. 
 
4.6.2 Economic Incentives Cost 
Economic incentives to promote generation types can be considered a cost to 
society because these incentives are either a reduction in taxes collected by the 
government or extra amount money paid by the end user. In the ERCOT electricity 
market, there are generally two types of incentives related to wind power generation: 
Production Tax Credit (PTC), and Renewable Portfolio Standard (RPS).  
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The PTC provides a 2.2¢/kilowatt-hour credit for every kilowatt-hour produced 
by new qualified wind power facilities during the first 10 years of operation, provided the 
facilities are placed in service before the tax credit’s expiration date. This incentive, 
created under the Energy Policy Act of 1992, has been extended until the end of 2012 
(AWEA, 2011). As a result, the federal PTC offers a $22/MWh subsidy for each MWh 
that wind generating facilities produce from wind. This subsidy is a social cost, because it 
results in a loss of federal tax revenues (Kwok et al., 2011). 
All costs and prices in this study are calculated as pre-tax dollars. Therefore, we 
need to convert the PTC tax credit, which is the credit given after tax calculation, into a 
pre-tax value. To convert the tax credit into the equivalent value of pre-tax dollars, the 
calculations can be put forward as follows (Baldick, 2010): 
Pre-tax Value = After-tax Value / (1 – Tax Rate) 
Where: 
After-tax Value of PTC Cost = $22/MWh  
Tax Rate = 35% (concerning high income tax rate in Table 13) 
Thus, the pre-tax value of the PTC cost is $33.85/MWh. 
 
Table 13: U.S. corporate income tax rates-2011 (WWT, 2012) 
Taxable income over Not over Tax rate 
$0 $50,000 15% 
50,000  75,000 25% 
75,000 100,000 34% 
100,000 335,000 39% 
335,000 10,000,000 34% 
10,000,000 15,000,000 35% 
15,000,000 18,333,333 38% 
18,333,333 - 35% 
49 
 
In the Texas RPS program, a Renewable Energy Certificate (REC) trading 
program was designed to establish an incentive market for renewables by the PUCT. This 
trading program began in July 2001 and is planned to continue through 2019. In this 
market, every qualified renewable energy facility in the state is delivered one unit REC 
for each MWh of “green” electricity that they generate from renewable resources. On the 
other hand, electricity providers, such as competitive retailers, municipal-owned utilities 
(MOUs), utilities and electric co-operatives, are obliged to buy those RECs in the market 
to meet RPS requirements (SECO, 2012).  
The RPS program requires electricity providers, such as competitive retailers, 
MOUs, and electric cooperatives, to generate 2,000 MW of additional capacity from 
renewable resources by 2009. In 2005, the Texas Legislature increased the state's total 
renewable energy obligation to 5,880 MW, which will be enforced in 2015, and projected 
10,000 MW in 2025. To satisfy the REC requirement, each supplier is obliged to find and 
purchase additional renewable energy capacity based on their energy market share times 
the state’s renewable capacity objective (SECO, 2012).  
According to PUCT orders, one REC symbolizes 1 MWh of eligible renewable 
energy generated in Texas. To convert MW requirements into corresponding MWhs, a 
capacity conversion factor (CCF) is used. Initially, CCF was defined as 35% for the first 
two compliance years; however, it is now calculated based on the performance history of 
the related resources for the previous two years in the trading program. For example, the 
CCF was 30.5% for the term of 2010-2011 (DSIRE, 2011). For the current term, 2012-
2013, it is 32.2% (ERCOT, 2011b).  
Owners of wind generating facilities also obtain one unit REC for every 1 MWh 
generated from wind. These RECs must be purchased by Load Serving Entities (LSE) to 
meet the state’s RPS. Installed wind power capacity of Texas has grown to 10,085 MW 
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(AWEA, 2011). Texas REC program incentives are no longer significant because the 
existing installed renewable capacity, 10,085 MW, exceeds the amount required by the 
RPS, 5,880 MW. However, surplus RECs can be sold on a voluntary market or other 
markets outside the state if their rules allow purchases of Texas RECs. In other words, 
REC trade is possible between states according to the market rules, need, and excess 
capacity. Therefore, REC can be seen as a commodity that is traded in a market. At the 
end of 2009, prices for RECs offered in Texas voluntary markets are less than $2/MWh 
(Figure 13). Based on the expectation that wind capacity will continue to grow, a REC 
price of $1/MWh may become acceptable as the social cost for meeting the state’s RPS 
requirement (Kwok et al., 2011). 
 
 
Figure 13: Low price REC markets in the U.S. (Wiser et al., 2010) 
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Thus, the total economic incentives cost will be calculated as follows: 
Economic Incentives Cost = PTC Cost (pre-tax value) + REC Cost  
≈ $33.85/MWh + $1/MWh = $34.85/MWh 
 
4.6.3 Wind Integration Cost 
The National Renewable Energy Laboratory (NREL) defines wind integration 
costs as “…those incremental costs incurred in the operational time frames that can be 
attributed to the variability and uncertainty introduced by wind generation” (NREL, 
2011). 
The Eastern Wind Integration and Transmission Study (EWITS), carried out 
under the NREL, reported that wind integration costs range from $3.10 to $5.13 per 
MWh in 2009 dollars corresponding to between 20% and 30% wind energy penetrations 
in the Eastern Interconnect. Wind penetration is defined as a capacity basis ratio of the 
total nameplate capacity of wind to the balancing area’s peak electricity demand. Wind 
integration costs include the sum of regulation, load following, and unit commitment or 
scheduling costs (NREL, 2011).  
The regulation is a capacity service that is necessary for the periods from several 
seconds to various minutes. The load following is the service provided within the time 
frame generally covering periods from a number of minutes to a few hours. The unit 
commitment or the scheduling is the service delivered within the time frame ranging 
from several hours to a couple of days, depending on the type or the cycling 
characteristics of the generator (Milligan et al., 2009). Those three individual costs 
correspond to related time scales on daily time intervals of power system operation 
(Figure 14).  
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Wind integration costs are considered the external costs because all those 
regulations, load following and scheduling costs in the ERCOT market are somehow 
reflected to the end user (MJB, 2010). The wind integration cost can be approximated as 
$5 per MWh based on the NREL study.  
For cross-checking purposes, Baldick provides a proxy upper bound to energy-
related ancillary services costs called “rough ballpark proxy” (Baldick, 2010). As a worst 
case scenario, he considers the capital cost of lead-acid battery based energy storage for 
wind integration. The ratio of lead-acid battery storage is assumed to be 20% of wind 
energy production to cover wind intermittency. Using this rough estimate, we can set the 
cost at $10/MWh as an upper bound for wind integration, which compares to 
approximately $5/MWh from the EWITS integration study (NREL, 2011). 
 
 
Figure 14: Time scales for power system operation (Milligan et al., 2009) 
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4.6.4 Total Cost Comparison 
Transmission investment cost, economic incentives cost and wind integration 
costs constitute the external costs of wind power. In addition, some studies consider 
emission abatement cost in the cost calculation of renewables. However, the emission 
abatement cost is beyond the scope of this study because this cost calculation differs from 
one country to another depending on emissions legislations. For accurate environmental 
benefit calculations and to make consistent comparisons, standard calculation 
methodology and cost values are necessary. Consequently, in this study, we use the 
external cost to determine the value paid by the consumers for the integration of wind 
power generation to the ERCOT grid. Thus, the external cost of CREZ in Texas will be 
computed by summing up the cost previously calculated as follows: 
External Cost of CREZ = Transmission Investment Cost + Economic Incentive Cost  
+ Wind Integration Cost ≈ $27.93/MWh + $34.85/MWh + $5/MWh ≈ $67.77/MWh 
 Obviously, in addition to the external cost of $67.77/MWh, wind power 
generation cost is incurred to produce electricity. This unit cost is composed of all capital 
and operating costs of a wind farm. According to the base-case scenario given in Karlynn 
et al., 2009, where there is a vast uncertainty ranging from $26/MWh to $178/MWh, the 
estimated levelized cost of renewable energy production range is between $54/MWh and 
$74/MWh in 2008 dollars (Figure 15). We take the average of the range and then convert 
to 2011 dollars using the CPI Table (BLS, 2012). The cost of wind generation can be 
obtained as follows: 
Cost of Wind Power Generation = Average of $54-$74/MWh (in 2008$)  
≈ $64/MWh (in 2008$) ≈ $67.08/MWh (in 2011$)  
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Thus, the total cost of serving consumers with electricity generated from the wind 
power CREZ projects in Texas is calculated as follows: 
Total Social Cost of Wind via CREZ = External Cost of CREZ + Cost of Wind 
Generation  
= $67.77/MWh + $66.86/MWh ≈ $134.64/MWh 
Total cost of wind at $134.64/MWh is almost six times greater than the first 
quarter average day ahead price at Houston Zone in the ERCOT market, which was 
around $25/MWh for the first quarter of 2012 (Figure 16).  
 
Figure 15: Cost and performance characteristics of electricity generating technologies 
(Karlynn et al., 2009) 
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4.7 LIMITATIONS OF CREZ 
The limitations of CREZ projects in Texas seem to result from three major 
factors: the nature of wind generation, the distribution of the generation, and the 
consumption pattern in Texas. Because of its on-shore characteristics, wind generation in 
Texas is reversely correlated with ERCOT demand. The wind tends to blow more during 
off-peak hours than on-peak, and even more in winter, spring and autumn than in summer 
when peak demand in ERCOT is driven by air-conditioning (Baldick, 2010). 
 
Figure 16: ERCOT Houston Zone first quarter day ahead prices (EIA, 2012a) 
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Conventional power producers have numerous objections to the costs of wind 
generators that do not provide comparable amounts of ancillary services, such as reactive 
power and response to system frequency. Energy suppliers and their customers are 
worried that the extra costs from ancillary services result from trouble controlling the 
wind power output. The fluctuation in wind generation output has caused ERCOT to 
procure larger operating reserves. Once wind power production exceeded 5% of the 
market’s annual generation, numerous operational problems became apparent in the 
system (Dumas, 2010). In 2011, wind power generation ratio is 8.5% of the market’s 
annual generation in the ERCOT region (ERCOT, 2011c). 
In November 2008, the ERCOT market increased requirements for non-spinning 
and responsive reserves. The market’s requirements for ancillary services and reserve 
capacity are now explicitly associated with wind generation levels (Dumas, 2010). When 
ERCOT’s market rules were initially set, load-serving entities were responsible for all 
costs for ancillary services because the demand-side of the market would benefit from 
reliability. However, according to current popular opinion, wind power producers should 
share some portion of the costs if their existence increases operating reserves 
requirements (Zarnikau, 2011). 
The critical factors limiting development of wind power production have been the 
distribution of both the wind resources (Figure 17) and the load centers over large areas: 
in west and east Texas, respectively (Zarnikau, 2011). Thus, wind energy resources have 
been developed in remote less-populated windy areas with an inadequate transmission 
infrastructure (Zarnikau, 2011). The load centers in east Texas are already connected by a 
highly meshed transmission system, though this system would not provide a substantial 
quantity of further idle capacity. In west Texas, most areas are not connected by a high 
capacity transmission system. In some areas, there is no ERCOT transmission at all, such 
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as the northern portion of Panhandle A and all of Panhandle B (ERCOT, 2008a). 
Although the CREZ projects have succeeded in specifying necessary infrastructure 
expansions, wind farm development has overtaken those improvements (Zarnikau, 2011).  
 
  
CREZ projects are principally planned to transfer generated renewable energy, 
especially wind power, from the less populated areas of Texas, such as West Texas and 
the Texas Panhandle, to the population centers of Texas, such as Austin, Dallas-Fort 
Worth, San Antonio and Houston (RS&H, 2011). However, there are not enough loads in 
the Dallas-Fort Worth area to consistently match all of this wind generation. A successful 
transmission strategy is to move some of the wind generation from the Central zone 
 
Figure 17: Wind power classification in Texas 
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(10,300 MW), along with some of the wind from the southern Texas Panhandle (5,600 
MW), to load areas south of Dallas-Fort Worth. In addition, new pathways are needed so 
that all of the wind generation from the McCamey area flows towards the east or 
southeast (2,600 MW). This direction of power-flows can be accomplished either through 
individual circuits leading from northwest to southeast, or through a large, low 
impedance infrastructure that allows great power transmissions between the Dallas-Fort 
Worth (DFW) area and the Houston-Galveston (HGA), San Antonio-Austin (SA/AUS) 
regions (Figure 18) (ERCOT, 2008a). 
  
 
Figure 18: ERCOT wind generation distribution to load centers in scenario 2 (ERCOT, 
2008a) 
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Wind power development is concentrated in the transmission-constrained western 
part of the ERCOT; whereas, load centers are located in the eastern part of Texas. This 
fact causes some strange market price patterns. As illustrated in Figure 19, negative 
wholesale electricity prices, such as -$20/MWh, in west Texas became common during 
periods of inter-zonal transmission constraints. Wind producers set negative market 
clearing prices and were willing to pay those amounts. Prices would go negative in the 
wind-dominated West Zone during days of price spikes in other zones. This price 
inconsistency between the zones is a consequence of transmission congestion and a high 
market share of wind generation (Zarnikau, 2011). 
 
 
Figure 19: Market clearing prices for North (N), South (S), West (W), and Houston 
(H) Zones (ERCOT, 2010) 
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Negative clearing prices in the West Zone occur because wind power producers in 
the West Zone can offer negative price to enter the dispatch portfolio of market and 
generate some amount in order to obtain PTC and REC incentives. The total amount of 
those incentives is $34.85/MWh. Thus, $20.00/MWh is less than this total incentive 
amount so that wind power generators can make money even with this negative clearing 
price.   
61 
 
Chapter 5: Benefits, Challenges and Suggestions 
As an energy-importing developing country with limited domestic resources of 
crude oil, natural gas and coal, Turkey can be defined as a bridge for energy between 
Europe, Asia and the Middle East geopolitically. Specifically, electricity is very 
significant in Turkey not only for its consumption but also for its being a bridge between 
the continents. 
On the other hand, Texas is a front-runner among the states of the U.S. for its 
generation and consumption of electricity because of high temperatures in summer and 
the high industrial production level. Electricity is again very significant in Texas because 
even an interruption can cause not only major inconveniences for indispensable health 
services, but also significant harm to the economy of Texas. 
Turkey and Texas both aim to increase their electricity generation to match their 
fast growing demand by using domestic energy. The governments of both of them are 
aware of their wind power potential. Texas charted a path to achieve its objective on wind 
energy by defining Competitive Renewable Energy Zone (CREZ) projects. Turkey is on 
the edge of deciding its pathway to reach its goal concerning the utilization of 
renewables, especially wind power.
 
In this study, we investigate the development of CREZs in Texas from a 
regulatory perspective to extract suggestions for Turkey, which has a similar electricity 
market structure on the supply and transmission sides. This chapter summarizes into 10 
main categories the benefits and challenges of wind energy in both of the electricity 
markets and suggests ways that Turkey might handle wind power generation applications 
in combination with existing transmission constraints. 
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5.1 TRENDS IN GLOBAL PETROLEUM PRICES 
The demand in petroleum products is rapidly increasing in the world. However, 
production is unable to indefinitely keep up with this increasing demand because of both 
reserve constraints and the monopoly structure of OPEC. Therefore, the global petroleum 
price fluctuates with gradual increases. This is always the case in the last decade (Figure 
20). 
 Energy is an essential dynamic in the development of a country; rising petroleum 
prices have affected all energy importing countries, especially Turkey, adversely in the 
last decade. Consequently, generating electricity from renewable resources is the best 
option to meet Turkey’s growing electricity demand.  
 
5.2 GROWTH AND REDUCING DEPENDENCE 
The population growth of Turkey is more than 15% over the last decade. If this 
increasing rate stays the same, then the population of Turkey will increase from around 
    
 
Figure 20: Europe Brent Spot Price FOB (EIA, 2012b) 
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67 million in 2000 to around 87 million in 2020. The similar situation is the case for 
Texas. The population growth of Texas in the last decade is more than 20%. If this 
increasing rate stays the same then the population of Texas will increase from 
approximately 20 million in 2000 to around 30 million in 2020. Consequently, Turkey, as 
well as Texas, might need more generation capacity to supply its growing demand. 
Turkey has improved its economy in the last decade significantly. Accordingly, 
the need for energy causes more consumption, which causes more imports. Parallel to 
other developing countries, the electricity demand in Turkey has sharply increased 
because of economic development and population growth. 
Turkey is one of the countries dealing with reducing its dependence on imported 
energy. Turkey’s dependency on foreign resources for heating and electricity production 
should be reduced for two reasons. First, domestic alternative energy resources enhance a 
country’s geopolitical safety and encourage economic growth. Second, electricity 
demand continues to grow. However, this growth did not contribute to domestic 
production until the government began promoting renewables at the end of the last 
decade.  
The Turkish government is trying to promote renewable technologies by giving 
some detailed incentives for each domestic contribution to the production of generator 
equipment. Otherwise, the energy produced from the renewables would not be 
domestically produced energy although the fuel or source of energy is originated from the 
country itself. Therefore, if Turkey does not want to be dependent on foreign resources 
for electricity generation and renewable generation technologies, the government should 
continue to promote technology developments concerning renewable energy facilities. 
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5.3 WIND POWER AND ALTERNATIVE ENERGY POTENTIAL  
In terms of wind capacity, Texas has great potential, concentrated in the northwest 
regions of the state. Turkey is also considered rich in terms of renewable resources 
because it has very high wind energy potential. The wind map of Turkey is one of the 
best among European countries. The studies concerning wind energy potential in various 
regions of Turkey show that the coastal regions of Turkey, especially northwestern 
locations as it is in Texas, have high wind potential.  
Turkey can be seen as a rich country in terms of not only wind energy but also a 
variety of renewable resources. However, some of the renewable resources, such as 
biomass, geothermal and solar may not be feasible depending on location with regard to 
today’s technical and economic development. For this reason, Turkey cannot efficiently 
use some of its renewable resources to produce electricity. If the technology level 
remains the same, the other renewable energy potential coming from biomass, 
geothermal and solar will not be adequate for Turkey’s future energy requirements. 
Consequently, Turkey is required to focus on wind energy in the short run to match its 
fast growing demand. 
 
5.4 GOVERNMENT STRATEGIES AND ACTIONS 
National governments in both developed and developing countries all over the 
world encourage renewable energy sources. Individual states in the U.S., including 
Texas, and several countries in Europe, including Turkey, have set targets for renewable 
energy use, and provided several incentives for renewable energy investments. 
State governments in the U.S. have been supporting renewable energy 
development. State policies are promoting renewable energy investments by using some 
programs including renewable portfolio standards (RPSs) and renewable energy credits 
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(RECs). Texas is very aggressive in applying these programs. The Texas Legislature 
recognized the necessity of new transmission investment in areas of the state selected for 
renewable resources and authorized the PUCT to define CREZs.  
The state and federal policies supporting renewable energy resulted in such an 
extraordinary growth in installed wind power capacity that installed wind power capacity 
was moving above 40,000 MW in the U.S. and above 10,000 MW in Texas at the end of 
2011. The U.S. Energy Information Administration (EIA) estimated that non-hydro 
renewables would power a 46% increase in electricity generation, almost 90% of which 
would be composed of wind and solar energy, across the country from 2010 to 2030. 
On the other hand, Turkey’s two main strategies in terms of energy are to improve 
domestic production and diversify sources to ensure the security of supply. To match 
these strategies, the Turkish government aims to increase the portion of renewable 
resources for electricity generation to 30 %, which would be mostly composed of wind 
energy, by 2023. Thus, the explicit target for the installed wind energy capacity is 
approximately 20,000 MW by 2023. Several incentives put into force to achieve this 
objective promote new investments in the electricity market, especially in renewables. 
 In response to incentives to spur wind energy investments, 750 individual private 
investors applied to the Energy Market Regulatory Authority of Turkey (EMRA) for 
wind farm licenses with a total generating capacity of 78,000 MW.  Clearly, this big an 
increase is not feasible since Turkish installed capacity in 2010 was 49,524 MW.  After 
receiving the applications, 13 tenders were held to review them under the supervision of 
TEIAS.  At the end of the tender process, the accepted bids totaled 5,500 MW of wind 
power.  Although this 5,500 MW can be handled by current transmission capacity, this 
amount is not enough to meet the demand projected by the government. Consequently, 
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Turkey needs to develop an optimum management strategy of transmission investments 
and wind from allocation to reach its goal on renewable energy generation by 2023. 
 
5.5 CHALLENGES FOR DECISION MAKERS 
There are three main challenges related to the renewable energy market: First, the 
regulatory framework concerning renewables may distort the market and may pose a 
barrier to entry. Second, connecting intermittent renewables with an existing overly used 
electricity grid is challenging, because the utility may not be able to precisely predict 
when and how much electricity to get from the renewable source. Third, connecting this 
capacity to the grid necessitates an additional transmission investment. 
In Texas, specifically, wind generation causes two main challenges in the ERCOT 
market: There are no synchronous connections between ERCOT and the other North 
American electricity interconnections. In addition, new generation decisions are not 
based on centralized planning but they depend on market conditions and investor 
decisions. 
In Turkey, there are three challenges concerning the electricity market. The first 
one is the problems brought by new market structure. Before the Electricity Market Law 
(EML), there were several legislative initiatives providing incentives for investment. The 
new market structure was built by the EML on top of existing market privileges. This 
situation caused some barriers for new reforms. The second one is lack of incentives 
concerning renewable policy strategies. There are many incentives defined for 
renewables. However, none of them push any renewable generation to the renewable goal 
defined by the government. The third one is the challenge related to the wind power 
market.  Applications for wind farm licenses were accepted on only one day in November 
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2007. Seven hundred and fifty individual investors applied at the same time without 
knowing whether their application area was applied for by any others. Thus, by this 
application scheme, there were many overlapping applications which need to be handled 
again later. 
 
5.6 NEED FOR CREZ-LIKE APPROACH 
The rapid growth in wind power generation in Texas in the last decade has shown 
that investment in wind farms can progress more rapidly than that in transmission lines. 
This timing difference causes a conflict that is called “a chicken and egg” dilemma; 
investment in a wind farm is not easy to finance if sufficient transmission capacity is not 
available; nonetheless, the investment requirements for a new transmission line are 
difficult to define if wind generation facilities that are asking for service do not exist. 
To handle the problem caused by this timing difference, the Texas Renewable 
Energy Program was established by passing S.B. 20 in 2005. As a result of this 
regulation, the Public Utility Commission of Texas (PUCT) designated CREZs, regions 
of the state having the best wind characteristics and transmission infrastructure necessary 
to transfer renewable energy to the demand side.  
Today, Texas is the state with the largest installed wind generation capacity in the 
U.S. However, it lacks sufficient transmission capacity between its western regions, 
where most wind farms are located, and its eastern regions, where the major load centers 
exist. This inadequacy in the transmission system has caused frequent power 
curtailments. State policymakers have addressed this power curtailment issue by defining 
CREZ projects.  
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In Turkey, the chicken and egg dilemma mentioned above was solved by 
accepting the applications for the wind farm licenses. Thus, in this scheme, how much 
TEIAS, the system operator, needs to invest in transmission would be decided according 
to how much capacity the wind farm investments plan to realize. This will be the strategy 
for Turkey from now on. Parallel to this strategy, EMRA needs to designate CREZ-like 
regions by investigating the license applications for wind farms. Having defined the wind 
power capacity and wind farms location, TEIAS should carry on an optimization study 
which is similar to that of CREZ in Texas. 
    
5.7 METHODOLOGY AND SOME EXTERNALITIES 
In the CREZ Transmission Optimization (CTO) Study, having designed several 
transmission alternatives, ERCOT established a methodology to reduce the number of 
transmission alternatives to a convenient number in a way that each of the plans 
developed was evaluated in terms of its efficiency in collecting wind energy from the five 
CREZ areas and moving that generation to load centers. 
However, there were some externalities affecting the overall schedule of the 
CREZ projects. They can be summarized in three main categories: the change in CCN 
process concerning the schedule and some additional requirements, the requirements 
about reactive study, and material procurements for reactive power and substation 
projects. Those factors cause some delays on the completion date of the CREZ projects. 
  
5.8 LIMITATIONS OF CREZS 
The limitations of CREZ projects in Texas seem to result from three major 
factors: the nature of wind generation, the distribution of the generation, and the 
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consumption pattern in Texas. Those factors affect the cost of wind energy passing 
through CREZ projects. 
 
5.8.1 Nature of Wind Generation 
The limitations result from the characteristics of wind generation can be classified 
into three categories: capacity factor, availability factor and ancillary services. 
Capacity factor, a measure of the utilization of a power plant, ought to be 
measured before deciding any investment because wind power is not stable, blowing 
somewhat unpredictably. Accordingly, running at less than full capacity contributes to 
lower capacity factor. In this study, the capacity factor of wind farms installed in the 
CREZ zones of Texas was calculated as 40.3% considering the data from PUCT, 2006 
report.  
Availability factor, measuring the reliability of power plant equipment, is defined 
as a percentage of the year in which the power plant is available to produce electricity. 
Wind turbines are out of service occasionally for maintenance and repair purposes. With 
the help of recent progress in wind turbine technology, today’s wind generators can have 
an availability factor of more than 98%. Consequently, this factor was neglected in our 
wind cost calculations compared with the other technologies, such as nuclear power 
facilities and coal-fired plants, which have lower availability factor, averaging 90% to 
95%. 
When wind power production exceeded 5% of the market’s annual generation, 
numerous operational problems, which should be minimized by ancillary services, 
became apparent in the system. The concern of controlling the wind generation causes the 
extra costs in terms of ancillary services. In Texas, the fluctuation in wind generation 
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output, which is 8.5% of annual total generation, has caused ERCOT to procure larger 
operating reserves. Load-serving entities were responsible for all costs related with 
ancillary services just after ERCOT’s market rules were initially set because the demand-
side of the market would benefit from reliability. Nevertheless, a current opinion is that if 
their existence increases operating reserves requirements then wind power producers 
should share some portion of the costs. 
 
5.8.2 Distribution of Generation 
The limitations resulting from the distribution of wind power generation with 
respect to load centers also affects the success of CREZ projects adversely. Wind energy 
is generated in the wind farm and must be transferred to consumers by transmission lines. 
In CREZ projects, the wind-rich regions are located at a distance from city centers, 
requiring long transmission lines. The critical factors limiting development of wind 
power production have been the distribution of the wind resources in Texas. In fact, 
transmission limitations resulting from the distribution of wind farms are the central 
handicap to the development of wind power production. As a consequence of 
transmission congestion and a high market share of wind generation, this fact causes 
price inconsistency of the electricity market between the zones in Texas. 
 
5.8.3 Consumption Pattern in Texas 
Texas is situated in the southern part of the U.S. Its climate is very harsh with 
extremely high relative humidity and temperature in summer. On the other hand, in 
winter, the mild weather condition does not require the use of combustion-based heavy 
boilers. So that, for heating purpose using only electricity operated air-conditioning is 
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widespread. These weather conditions cause high-peak demand in summer and high 
consumption even in winter. 
However, the wind tends to blow more during off-peak hours than on-peak, and 
even more in winter, spring and autumn than in summer when peak demand in ERCOT is 
driven by air-conditioning so that wind generation in CREZs is reversely correlated with 
ERCOT demand as is discussed by Baldick, 2010. 
 
5.9 EFFECTS OF INCENTIVES ON THE MARKET 
Incentives for renewable generation are given to investors for their renewable 
energy production. Those incentives can be based on both capital and operating 
expenditure. In this study, as dealing with the unit cost of energy, we converted the 
incentives to the corresponding values for each unit of production. By the help of these 
incentives, such as federal production tax credits (PTCs) and renewable energy credits 
(RECs), renewable energy production has been boosted in the last decade. However, in 
addition to their positive effects on investments, renewable incentives have some adverse 
effects especially on the local market price.  
From time to time, if transmission congestion is the case because of maintenance 
interruption of transmission facilities or if supply exceeds demand, then some wind 
generators may offer the energy they produce at no cost or even at a negative price which 
means they pay the system operator in order to take their energy. Even at negative prices, 
wind power generators may profitably sell their energy because they will collect PTCs 
and RECs. Otherwise, they would lose more money if they shut down their generating 
facility for some time in the operation time span.
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To be more specific, negative prices in the West Zone of Texas occur because 
wind power producers in that zone can offer negative price, such as -$20.00/MWh as it is 
indicated in the previous chapter, to enter the dispatch portfolio of market and generate 
some amount in order to obtain PTC and REC incentives. The total amount of those 
incentives was calculated as $34.85/MWh in this study. Consequently, $20.00/MWh is 
less than the amount of total incentives given so that wind power generators can make 
money even with this negative price.  
The negative market prices of energy appearing in some areas may compromise 
the healthy operation of the market because other generator companies would not enter 
the market and generate electricity to make money. This is not even because the price 
offered by the renewables is not at their marginal cost. This circumstance discourages 
new generation entry even if that new generation capacity is needed. 
 
5.10 COST VS. MARKET PRICE 
In total cost calculation, we are using external cost components as well as energy 
generation cost. Apart from the power generation cost, there are three main external cost 
components: Transmission Investment Cost, Economic Incentive Cost and Wind 
Integration Cost.  
In this study, we calculated all the social cost components including external cost, 
added them up to derive the cost of wind energy via CREZ projects. Total cost of wind 
which is around $135/MWh is almost six times greater than the first quarter average day 
ahead price at Houston Zone in the ERCOT market, which was around $25/MWh. 
Although wind power generation via CREZs has zero fuel cost, the total cost including 
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external cost components is much higher than the current market price of electricity 
which is defined by natural gas fired power plants in off-peak times of a day. 
The total cost of the wind power via CREZ which is almost six times greater than 
the average price of electricity may still be worthwhile. This is because the price of 
electricity, which is assumed as low compared to our cost result, does not reflect some 
external costs, such as the effect of carbon emissions. Without internalizing those kinds 
of costs into the electricity market price, our judgment on the cost comparison would not 
go beyond giving some feeling on the total unit cost of the projects. 
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Chapter 6: Conclusions 
Electricity generation is very important for an energy-importing developing 
country, such as Turkey, not only for its fast growing consumption but also for its being a 
bridge between the continents. Electricity is also very significant in Texas because even 
an interruption can cause not only major inconveniences for indispensable health 
services, but also significant harm to the economy of Texas.  
Governments of Turkey and Texas both aim to increase their electricity 
generation to meet their fast growing demand by using domestic energy. Texas charted a 
path to achieve its objective on wind energy by defining Competitive Renewable Energy 
Zone (CREZ) Projects. However, Turkey is on the edge of deciding its pathway to reach 
its goal concerning the utilization of renewables, especially wind power. 
This research is concerned with the problem of allocating wind power in Texas 
where there is a project called Competitive Renewable Energy Zones, in short CREZ, 
utilizing new transmission projects to transfer wind power in an efficient manner. This 
study is very important because, Turkey is on the edge of setting up a policy on 
renewable allocation. Overall, Turkey’s strategies are improving domestic production and 
diversifying energy sources for the security of supply. 
By carefully studying the design and implementation of the CREZ Projects in 
Texas, this study suggests ways in which Turkey might handle renewable applications in 
combination with existing transmission constraints. Those suggestions can be collected 
into ten main categories as follows: 
o Trends in global petroleum prices 
o Growth and reducing dependence 
o Wind power and alternative energy potential 
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o Government strategies and actions 
o Challenges for decision makers 
o Need for CREZ-like approach 
o Methodology and some externalities 
o Limitations of CREZ 
o Effects of the incentives on the market 
o Cost vs. market price 
 
The key findings can be summarized as follows: 
Energy is essential in the development of a country; rising petroleum prices have 
affected all energy importing countries, especially Turkey, adversely in the last decade. 
Parallel to other developing countries, electricity demand in Turkey has increased sharply 
because of economic development and population growth. Therefore, Turkey’s 
dependency on foreign resources for heating and electricity production should be 
reduced.  
The wind map of Turkey is one of the best among European countries. Turkey is 
focusing on wind energy in the short run to match its fast growing demand. Concerning 
its potential and short term requirements, the Turkish government has two main strategies 
in terms of energy, which are to improve domestic production and diversify sources to 
ensure the security of supply. The explicit target for the installed wind energy capacity is 
approximately 20,000 MW by 2023.  
Turkey needs to develop an optimum management strategy for transmission 
investments and wind farm allocation to reach its goal on renewable energy generation by 
2023. Several incentives have been put into force to achieve this objective promote new 
investments in the electricity market, especially in renewables. If the Turkish government 
76 
 
wants to escape from being dependent abroad not only for the source of electricity 
generation but also for renewable generation technologies, the government must continue 
to promote technology developments concerning renewable energy facilities. 
There are a number of challenges related to the renewable energy market. In this 
circumstance, Turkey’s strategy should be to establish necessary transmission 
investments relative to wind farm investments. Parallel to this strategy, EMRA needs to 
designate CREZ like regions by investigating the license application for wind farms. 
Having defined the wind power capacity and wind farms location, TEIAS should carry on 
an optimization study which is similar to that of CREZ in Texas.  
The limitations of CREZ projects in Texas seem to result from three major 
factors: the nature of wind generation, the distribution of the generation, and the 
consumption pattern in Texas. Those factors affecting the cost of wind energy passing 
through CREZ projects should be considered.  
The negative market prices of energy appearing in some areas may compromise 
the healthy operation of the market in a way that the real marginal cost of the generating 
facilities cannot make the correct merit order in production portfolio when market 
clearing price is appeared. Thus, it is important to establish a balance between the 
incentives and market operations. 
In our total cost calculation, apart from the power generation cost, there are three 
main social cost components: Transmission Investment Cost, Economic Incentive Cost 
and Wind Integration Cost. We calculated all the cost components, added them up and 
obtained around $135/MWh total unit cost for wind generation. This total cost is almost 
six times greater than the first quarter average day ahead price at Houston Zone in the 
market which is around $25/MWh. In order to make the exact comparison, we require 
internalizing some externalities, such as greenhouse gas emissions, into the electricity 
77 
 
market price. For future studies, we recommend carbon emissions abatement cost 
calculations that are made by using a standard methodology for further analyses. 
What we accomplished is to examine the development of CREZs in Texas from a 
regulatory perspective and discuss Texas’s policy initiatives, including the designation of 
CREZs. We hope that this experience will be particularly instructive to Turkey, which 
has a similar market structure on the supply and transmission sides. 
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